Objective: To determine whether therapeutic taping, which includes elastic (Kinesio tape) and nonelastic (Leukotape) taping, is superior to control taping in improving pain and functions for patients with knee arthritis. To understand whether both elastic and non-elastic taping are beneficial. Methods: We searched the PubMed and Scopus databases from their earliest record to 31 May 2017 for randomized controlled and cross-over studies that used taping to treat knee osteoarthritis. We extracted the mean differences and SD between baseline and posttreatment for selected outcomes measured in the experimental and control groups for subsequent meta-analyses. Results: In total, 11 studies were included in the review. Of which, five Leukotaping and five Kinesio taping studies involving 379 participants were used in the meta-analysis. PEDro scores of the Leukotaping and Kinesio taping studies were 4.2 and 7.8, respectively. Overall, therapeutic taping exhibited significantly greater pain reduction than control taping with a significant weighted mean difference of 12.8 mm on a 0-to 100-mm visual analogue scale. Compared to control taping, Leukotaping produced a significant weighted mean difference of 11.6 mm regarding pain with a large effect size of 0.89 and I 2 = 0%, while Kinesio taping produced a non-significant weighted mean difference of 12.1 mm and I 2 = 93%. Leukotaping also exhibited a large and significant standard mean difference of 0.82, while Kinesio taping exhibited a non-significant standard mean difference of 1.34 regarding climbing stairs and stepping. Conclusion: Therapeutic taping seemed to be superior to control taping in pain control for knee osteoarthritis. Non-elastic taping, but not elastic taping, provides benefits in pain reduction and functional performance.
Introduction
Knee osteoarthritis is the most common knee disorder in elderly populations causing pain, disabilities, and reductions in people's quality of life. 1 Treatments are usually focused on alleviating symptoms rather than curative. Taping can be a cheap and convenient option that aims to reduce symptoms and improve function. There are two types of therapeutic taping: non-elastic and elastic. Both have been tried in patients with knee osteoarthritis. Further investigation is needed to evaluate the effectiveness.
Taping as a treatment for knee osteoarthritis was first introduced by Cushnaghan et al. 2 in 1994, who used a non-elastic tape (Leukotape) to pull the patella medially, as the patella may laterally deviate during the pathological process of patellofemoral osteoarthritis. Meanwhile, rigid Leukotaping can act as a brace to relieve pressure and reduce pain irritation. The rationale for this patellar taping was tested in studies on patellofemoral pain. 3 Positive findings provided evidence that seemed to support the belief that taping can relieve knee pain through realigning the patella both for patellofemoral pain syndrome and patellofemoral osteoarthritis. 3, 4 Although this taping was initially designed for patellofemoral osteoarthritis, there was an attempt to apply it to general knee osteoarthritis. 5, 6 However, an elastic tape (Kinesio taping) was introduced by the Japanese physiotherapist, Kase et al., 7 in 1979. The tape is an elastic woven-cotton strip with heat-sensitive acrylic adhesive and can stretch to 120%-140% of its original length. 8 With numerous effects (e.g. pain reduction, normalization of muscle function, improving proprioceptive feedback, and correcting articular malalignment) being hypothesized, Kinesio taping is popularly used for various musculoskeletal conditions, such as rotator cuff tendonitis, neck pain, and patellofemoral pain syndrome. 9, 10 Despite inconsistent results of existing studies, some evidence showed that Kinesio taping can be effective in some conditions, such as chronic low back pain, 11 acute whiplash, 12 and knee pain. 13 In contrast to Leukotaping, the treatment rationale of Kinesio taping for knee osteoarthritis is unclear so far. It was proposed that Kinesio taping provides afferent cutaneous stimulation, which is believed to reduce pain as well as stimulate mechanoreceptors and improve muscle excitability. [14] [15] [16] A previous systematic review of taping therapy for chronic knee pain was conducted in 2008 in which only three non-elastic tape articles studying knee osteoarthritis were included. 3 Although the results seemed to support the use of non-elastic taping for pain control in patients with knee osteoarthritis, stronger evidence is needed. However, there has been no review of elastic tape for knee osteoarthritis. With increasing numbers of clinical trials being conducted to examine the beneficial effects of taping for knee osteoarthritis, we had a chance to perform a meta-analysis exploring the role of taping with more solid evidence. This study investigated the effects of taping in terms of pain relief, functional performance, muscle strength, knee health conditions, and quality of life for patients with knee osteoarthritis. To investigate the therapeutic effects rather than placebo effects, we focused on the comparison of "therapeutic taping versus control taping," rather than "therapeutic taping versus no taping." We also addressed some methodological issues when conducting taping research.
The research questions which we attempted to answer in this review were as follows:
1. Is therapeutic taping superior to control taping in improving pain, knee health, functions, muscle strength, and quality of life for patients with knee arthritis? 2. Are both elastic taping and non-elastic taping beneficial for patients with knee arthritis?
Methods

Study selection
This study was registered in PROSPERO (CRD42017058173 
Quality assessment
The PEDro scale that assesses the risk of bias and statistical reporting of randomized controlled trials was used to evaluate the quality of the included studies. The methodological quality was assessed by eight items regarding random allocation, blinding procedures, and the dropout rate. Two items related to statistical reporting. Aggregate scores ranged 0-10 points with a higher score indicating better quality. Quality was classified as high (6) (7) (8) (9) (10) , fair (4) (5) , and poor (≤3). Two authors independently reviewed the full text to score the PEDro. Discrepancies between two independent evaluations for included articles were resolved through discussion and consensus.
Quantitative analyses
Relevant data from each study were independently extracted by two reviewers using a standard data recording form that included the number of participants, inclusion and exclusion criteria, intervention protocol (i.e. taping procedure, duration, control treatment, number of sessions, and additional interventions), as well as outcome measures and final results. One author extracted the following data from included studies, and the second author checked the extracted data. Disagreements were resolved by discussion between them. The goal was to evaluate the short-term effects of taping (i.e. changes between the baseline and the end of the last taping session). We extracted the mean difference and SD between the baseline and posttreatment for selected outcomes from the therapeutic and control groups. If withingroup changes were not reported, the posttreatment mean and SD were used. For two studies 2, 5 that only reported between-group differences (mean and SD) rather than separate data for each group, we calculated the between-group standard mean difference using the mean difference divided by the SD.
Outcome measurements
We explored the effects of taping on pain, functional performance, general knee health condition, muscle strength, and quality of life. If pain was assessed under various conditions (e.g. at rest, at night, and during activities), the pain experienced during activities (especially stair climbing) was the first choice for the meta-analysis. 
Statistical analysis
The meta-analysis focused on the comparison "therapeutic taping versus control taping." Separate meta-analyses regarding the elastic tape (Kinesio taping) and non-elastic tape (Leukotaping) were performed if there were more than one study within a subgroup. Each study was used no more than once for one outcome. For pain intensity which was uniformly measured by a visual analogue scale (VAS), we pooled mean differences to obtain the weighted mean difference after properly adjusting the VAS to a 0-to 100-mm scale. Whether the within-group difference of the therapeutic taping group achieved a minimum clinically important difference was investigated by collecting data from the therapeutic taping arm of included studies. The standard mean difference was obtained to assess the effect size. Standard mean differences ranging 0.2-0.5, 0.5-0.8, and >0.8 were, respectively, considered to be small, moderate, and large effect sizes. 19 A randomeffect model was used, and a point estimate with a 95% confidence interval (CI) is presented. Heterogeneity across studies was tested using the I 2 test. An I 2 score of >50% indicates significant heterogeneity. The meta-analysis was performed using Review Manager Software 5.3.
Results
Searches yielded 249 non-duplicated records. In total, 14 articles were retrieved for full-text review. One 20 that was not a randomized controlled trial and two 4,21 that did not compare therapeutic taping to control taping were excluded. Finally, 11 articles that met our inclusion criteria were identified. Of two studies 22, 23 that did not provide analyzable data for the meta-analysis, we successfully obtained participant-level data from one 22 of them by contacting the authors by email ( Figure 1 ). Table 1 shows the main characteristics of the 11 studies included in our meta-analysis. 2, 5, 6, [22] [23] [24] [25] [26] [27] [28] [29] Despite some differences between studies regarding the inclusion/exclusion criteria, the study populations of the included studies were generally similar (e.g. of an older age and with mild to moderate knee pain especially during activities). Six studies used non-elastic tape (Leukotaping) and five used elastic tape (Kinesio taping). For Leukotaping studies, three mentioned that inclusion was pertinent to patellofemoral osteoarthritis, and the other three mentioned that the majority of participants presented with patellofemoral involvement on radiography. In contrast, all of the Kinesio taping studies recruited participants with general knee osteoarthritis. In total, 379 patients who completed the interventions were used in the subsequent meta-analyses.
Characteristics of included patients
Methodological quality
Results of the quality assessment of the included studies are shown in Supplementary data. PEDro scores are shown in Table 1 . Random allocation was employed in all trials. Four cross-over studies that measured outcomes in different conditions (e.g. taping, control taping, and no taping) without before-after comparisons were of a relatively low quality (PEDro scores of 3 or 4) compared to the included randomized controlled trials (PEDro score of ≥7). All cross-over studies were Leukotaping studies, while all Kinesio taping studies were 23 (Australia) 1 cross-over + 1 RCT (Hinman et al. 5, 6 ). 3 + 8 Hinman et al. 5, 6 Hinman et al. 5, 6 Hinman et al. 5, 6 1. Joint position sense.
2. Peak isokinetic quadriceps torque.
3. Quadriceps activity, assessed by sEMG.
Hinman et al. 5, 6 No significant difference between the therapeutic taping and control taping regarding all outcomes in either the cross-over or the RCT study. 29 Although the authors claimed a doubleblind design in that study, it was hard to understand how the participants and assessors were blinded, and thus, the study was recorded as not blinded on the PEDro scale.
Intervention
Despite some differences in the taping technique, all Leukotaping studies mentioned the technique of pulling the patella medially. In contrast, the taping technique of the Kinesio taping studies greatly differed. Anandkumar et al. 25 applied the tape to the vastus medialis, vastus lateralis, and rectus femoris; Cho et al. 26 focused on the rectus femoris; Kocyigit et al. 27 applied tape surrounding the patella; and Mutlu et al. 29 applied tape to the rectus femoris and hamstring muscles. Wageck et al. 28 combined three taping techniques and applied the tape layer by layer to the leg. The intervention programs also differed among the included studies in terms of intervention duration (30 minutes-16 days) and follow-up period (up to one month after completion of the intervention; Table 1 ). No studies reported accompanying physical therapy during the intervention programs.
Outcome measures
Various outcome measures were used in the selected articles (Table 1) . Pain intensity was measured using a VAS in nine studies. 
Meta-analyses (therapeutic taping vs. control taping)
Effects on pain relief. The meta-analysis on nine articles (five Leukotaping 2,5,6,22,24 and four Kinesio taping [25] [26] [27] 29 studies) demonstrated a significant weighted mean difference of 12.8 mm on the VAS (95% CI: 6.66-18.89 mm, P < 0.001) or a large standard mean difference of 1.14 (95% CI: 0.48-1.80), but with high heterogeneity (I 2 = 85%; Figure 2) . A subgroup analysis of Leukotaping studies showed a significant weighted mean difference of 11.6 mm (95% CI: 8.22-15.07 mm, P < 0.001, with reference to a standard mean difference of 0.89) and I 2 = 0%. A subgroup analysis of Kinesio taping studies showed a non-significant weighted mean difference of 12.1 (95% CI: −0.39 to 24.51, P = 0.06) and I 2 = 93%. Overall, pain improvement through taping (i.e. within the therapeutic taping group) was 19.7 mm (95% CI: 14.20-25.23 mm) on the VAS, based on data from five randomized controlled trials. 6, [25] [26] [27] 29 Effects on stepping and climbing stairs. The metaanalysis of four studies demonstrated a non-significant standard mean difference of 1.07 (95% CI: −0.11 to 2.25, P = 0.08; I 2 = 92%; Figure 3 ). However, a subgroup analysis of two Leukotaping studies showed a significant standard mean difference of 0.82 (95% CI: 0.40-1.24, P < 0.001; I 2 = 0%), while an analysis of two Kinesio taping studies showed a non-significant standard mean difference of 1.34 (95% CI: −2.08 to 4.77, P = 0.44; I 2 = 97%).
Effects on walking.
The meta-analysis of two studies (one Leukotaping 24 and one Kinesio taping 29 ) demonstrated a significant standard mean difference of 0.77 (95% CI: 0.34-1.20, P < 0.001; I 2 = 9%).
Effects on general knee health conditions. The metaanalysis of four studies (three studies using the Western Ontario and McMaster Universities Osteoarthritis Index and one using the Lenesque Index) demonstrated a non-significant standard mean difference of 0.13 (95% CI: −0.31 to 0.58; I 2 = 62%; Figure 4) . A subgroup analysis of three Kinesio taping studies resulted in a non-significant standard mean difference of 0.10 (95% CI: −0.55 to 0.75).
Effects on quadriceps muscle strength. The metaanalysis of four studies exploring muscle strength of the quadriceps muscle (three isokinetic and one isometric) demonstrated a non-significant standard mean difference of 0.84 (95% CI: −0.06 to 1.73, P = 0.07; I 2 = 89%; Figure 5 ). A subgroup analysis of three Kinesio taping studies showed a non-significant standard mean difference of 1.00 (95% CI: −0.35 to 2.36, P = 0.15).
Effects on the quality of life. The meta-analysis of two studies exploring the quality of life (one Leukotaping 6 and one Kinesio taping 27 ) demonstrated a non-significant standard mean difference of −0.03 (95% CI = −0.42 to 0.36, P = 0.88; I 2 = 61%).
Discussion
Our results showed that taping can be beneficial in reducing knee pain caused by knee osteoarthritis. Compared to control taping, therapeutic taping caused an overall reduction of 12.8 mm on the VAS. Meanwhile, pain significantly improved by a reduction of 19.7 mm on the VAS with therapeutic taping, which reached the minimum clinically important difference suggested for knee osteoarthritis. 30 In addition, a significant standard mean difference (0.77, P < 0.001) was found for walking function. These findings support the temporary benefits of taping for patients with knee osteoarthritis. However, no sufficient evidence was found to support taping improving knee health conditions, muscle strength, or quality of life. Elastic taping and non-elastic taping may have different mechanisms for managing knee osteoarthritis and deserve separate analyses and discussion when possible. The subgroup analyses showed that Leukotaping was beneficial in reducing pain and improving functions, while Kinesio taping was not. These findings might not necessarily imply that Leukotaping is superior because a direct comparison between the two tapings has never been explored.
The finding of this study that Leukotaping provides short-term pain relief (with a significant weighted mean difference of 11.6 mm on VAS) is similar to that of a previous review in which a significant weighted mean difference of 13.3 mm between Leukotaping and control taping was found. 3 We also found a significant standard mean difference of 0.82 indicating that Leukotaping improved stepping/climbing stairs in this study. The heterogeneity of results was quite low for pain and stepping/climbing stairs. Consistent results of Leukotaping studies may support its treatment rationale of improving pain and functions through realigning the patella. However, it should be cautioned that most of the supportive evidence for Leukotaping came from low-quality cross-over studies, which might have increased the risk of study bias. Meanwhile, it should be noted that the application of Leukotaping was initially designed for patients with patellofemoral osteoarthritis that caused patella malalignment. 2 Malalignment of the patella is associated with increased contact pressure on individual facets and pain. Medial-directed taping makes sense when the patella is laterally displaced due to patellofemoral osteoarthritis. 4 In patients whose patella is medially displaced caused by medial patellofemoral osteoarthritis, medialdirected taping could potentially worsen the displacement. Therefore, it may be better to ensure the condition of the patellofemoral joint compartments with radiographs before taping.
In contrast, all Kinesio taping studies were randomized controlled trials of high quality, but results of the subgroup analyses were relatively inconsistent and did not support beneficial effects on knee osteoarthritis. These findings were similar to other Kinesio taping reviews not specific to knee osteoarthritis. [31] [32] [33] Some possibilities should be addressed. Unlike Leukotaping which is applied to try to realign the patella, the treatment mechanism of Kinesio taping is unclear so far. Various mechanisms have been hypothesized, but few have been validated. The lack of a clear treatment rationale has resulted in a great diversity of taping techniques being used, which may account for the inconsistent results with high heterogeneity. Furthermore, one randomized controlled trial adopted a taping method that combined three different taping techniques, so that the leg was covered in layers of tapes. 28 This technique was unusual among Kinesio taping studies and could raise concerns of interference between the tape strips. In addition, different study designs (e.g. the number of taping sessions, taping duration, and taping condition at the posttreatment assessment) among studies also accounted for the inconsistent results. For example, Kocyigit et al. 27 used a posttreatment assessment with tapes removed, but Anandkumar et al. 25 used posttreatment assessment with tapes still being worn. This may partially explain why these two randomized controlled trials of high quality (both scored 9 on PEDro) had almost completely different results (Figure 2 ). An important issue should be addressed when exploring the beneficial effects of taping. The tape may act like an orthosis, which helps to realign the surrounding construction or modulate muscle activities of the knee. If so, these biomechanical effects may be temporary and exist only when the tape is in place. Studies exploring such temporary effects should use posttreatment assessments with the tape in situ. However, if taping is expected to have effects of reversing or changing the pathological process, then studies exploring such treatment effects should use posttreatment assessments with the tape removed. If taping does work due to a biomechanical effect, the tape being on or off at the posttreatment assessment can produce different results of objective measures such as functional tests, pain perceived during functional tests, and muscle strength. However, subjective outcomes measured by recall (e.g. pain or quality of life perceived during the intervention) would be less affected by the taping condition at the posttreatment assessment. Accordingly, results of these studies should be interpreted with caution. Studies with negative results of treatment effects usually concluded no beneficial effects of taping, 27,28,33 but this notion totally ignores possible temporary benefits of taping.
Based on this point, we found that some authors did not clearly mention the taping condition at the assessments. 5, 25, 26 We assumed that all Leukotaping cross-over studies were devoted to exploring the temporary effects rather than the treatment effects. Although one Leukotaping randomized controlled trial mentioned that posttreatment was performed with the tape removed, 6 the primary outcome was assessed by recalling the pain intensity of the previous week when the tape was being worn. For this outcome, we assumed that the posttreatment assessment was actually with the "tape on." Accordingly, all Leukotaping studies 2, 5, 6, 22, 24 included in the meta-analysis were actually exploring temporary effects on pain reduction, and the results should be carefully interpreted as "beneficial in reducing pain when wearing the tape." However, two Kinesio taping studies clearly mentioned that the posttreatment assessments were performed with the tape removed, and both had negative results. 27, 28 One of them measured the pain intensity by a VAS but did not mention how the authors obtained the data (e.g. by questionnaire, with clinical tests, or by recall). 27 Thus, we were unsure whether removal of the tape at the posttreatment assessment contributed to the negative results of that study. But an attempt to remove that article showed a significant weighted mean difference of 19.5 mm on the VAS for the Kinesio taping subgroup. Therefore, we appeal to researchers that future taping studies should provide sufficient information about the taping condition (e.g. tape on or off) of the posttreatment assessment and clearly address which clinical questions are answered (e.g. temporary effects or treatment effects).
Our study showed contrasts between the two taping treatments in many aspects. Although the results support the beneficial effects of non-elastic taping, these effects are more likely to be temporary rather than curative. On the other hand, the results do not support the benefit effects of elastic taping. However, these elastic taping studies could evaluate mixed temporary and treatment effects, which limited us to understand the true value of elastic taping. In conclusion, with the current evidence, we suggest the use of non-elastic taping to temporarily control the symptoms of knee osteoarthritis.
Some limitations should be addressed. First, the quality of the included studies varied. Methodological flaws in these studies might have decreased the evidential strength of our study. Second, considerable differences existed among studies in terms of the study protocol, country of origin, patient population, and types of osteoarthritis studied. These differences might have contributed to the evident heterogeneity. Third, incorporating studies that did not provide analyzable data is sometimes difficult in meta-analyses, which may lead to selective reporting bias. Fourth, two Kinesio taping studies did not provide sufficient information about taping condition and outcome measures at posttreatment assessments. This limited us to explore the true value of Kinesio taping and might have led to an underestimation of its benefits. Finally, we might have excluded relevant studies that were published in languages other than English.
Clinical Messages
• • Therapeutic taping seems to provide temporary benefits for patients with knee osteoarthritis. • • Evidence from low-quality studies showed that non-elastic taping is beneficial in reducing pain and improving functions. • • Evidence from high-quality studies does not support the benefits of elastic taping (Kinesio taping).
